Abstract: Fruits and vegetables constitute the cheapest source of essential trace elements for the majority of people living in developing countries. The Cu, Fe and Zn contents in twenty selected wine samples produced in the South-East region of Serbia were determined by flame atomic absorption spectrometry. The Cu concentrations varied from 0.07 to 0.57 ppm in wines, and the Fe concentrations fluctuated from 2.93 to 36.2 ppm, while the Zn levels were in the range from 0.21 to 0.67 ppm. The established contents of Cu and Zn showed that wines from this part of the world could serve as good dietary sources of the essential trace metals, and the determined values were within the allowed metals levels in wines for human consumption.
INTRODUCTION
Several spectroscopy techniques can be commonly used for the evaluation of food and/or drink quality 1 as well as of pharmaceutical samples. 2 Wine is a popular and worldwide consumed alcoholic beverage, which has been well-known since the early periods of civilization. The moderate consumption of wine, especially red wines, was shown to improve health and longevity. 3, 4 From an analytical chemical point of view, wine is referred to as a complex matrix with a varying content of inorganic compounds (e.g., traces of dissolved alkaline and alkaline earth elements, and transition metals), as well as organic substances (e.g., polyphenols, polyhydroxy alcohols, proteins, amino acids, and polysaccharides) dissolved and/or dispersed in an aqueous solution of ethanol. 5 Scientific discussions concerning human exposure to the trace metals contents of various beverages and dietary products, including wines, have received raising attention, since the consumption of wines, especially reasonably large volumes, may significantly contribute to the daily dietary intake of trace elements by humans. 5 Moreover, some of these trace elements (e.g., Cu, Fe, and Mn) have an organoleptic effect, and also contribute to the haze and taste of wines. 6 The regional variations of the content trace metal in wines can also be used for identification purposes, i.e. to verify authenticity. 7 Considering all the above points, the determination of toxic (e.g., As, Cd and Pb) and essential trace elements (e.g., Cu) in wines appears to be an important and challenging analytical task, which requires multi-element methods of good selectivity, sensitivity, and robustness. The origin of Cu in wines is associated with copper-based vineyard sprays, whereas the As, Cd and Pb contents reflect differences in grape variety, environmental factors (e.g., soil and climate), and the wine-processing method (an anthropogenic impact). 5 However, nutritional metals such as Cu and Zn occur naturally in fruits and vegetables, as essential trace elements necessary for good health, but they could be toxic when their concentrations exceed limits of safe exposure. 3, 4, 8 In addition to toxicity problems, Cu and Zn deficiency may also be experienced; hence, as stated earlier, 3 knowledge of heavy metal contents in crops is important for the identification of adequate, sub-adequate and marginal intake levels for humans and animals, so that diseases related to trace element deficiency can be overcome. A large number of symptoms/ailments, comprising anemia, depressed growth, dermatitis, dwarfism, electrolyte-imbalance, gastro-intestinal and neurological disorders, lethargy and nausea, have been associated with Cu and Zn deficiency in humans, as well as with toxicity due to excessive intake. 6, [8] [9] [10] [11] Furthermore, the presence of trace elements in fruits and vegetables has been ascribed to their absorption from the soil and sources such as fertilizer, agricultural chemicals and contaminants. 8, 12 Other sources of heavy metals contamination of most foodstuffs may also include agricultural mechanization procedures, sprays, seed preservatives, 13 and components from the global pollution process. Hence, the need to determine and/or monitor the Cu and Zn contents of fruits and vegetables have become imperative due to their principal role as essential or detrimental trace elements. A survey of the literature indicates that such a study is scarce, particularly in the southeast region of Serbia.
Trace elements in wine samples can be measured by different techniques, such as stripping voltammetry, [4] [5] [6] [8] [9] [10] [11] [12] [13] instrumental neutron activation analysis, 14 ICP-AES, ICP-MS [15] [16] [17] and/or UV-Vis spectrophotometry. [18] [19] [20] [21] However, the official methods for the determination of heavy metals in wine established by the Office International de la Vigne et du Vin and the American Society of Enologists are essentially based on atomic absorption spectrometry Fe, Cu AND Zn IN THE WINES FROM SOUTH-EAST SERBIA 1703 (AAS). 22 Similarly, Flame-AAS is the official method of analysis for the determination of Na, K, Mg, Ca, Fe, Ag and Zn in wine according to EU regulations. 1 Some elements with relatively high concentrations in wine could be analyzed by flame atomic absorption spectrometry (FAAS). [23] [24] [25] However, for some elements present in wine in low concentrations, hydride generation techniques using FAAS (HG-AAS) [26] [27] [28] or mostly electrothermal atomic absorption spectrometry (ETAAS) [29] [30] [31] are used. The ETAAS method was applied in order to directly determine some trace elements (or using simple dilution) in wine. 32, 33 Flame-AAS is largely employed in wine analysis mainly due to the low cost of instrumentation, which makes the technique easily accessible to most oenological laboratories. Considering the compromise between the cost and sensitivity required, flame-AAS can be considered as the technique of choice for determination for alkaline and alkali-earth metal in wine. It is also well suited for Cu, Fe, Mn and Zn determinations, with respect to the concentration ranges of these metals in wines. On the other hand, it is not suitable for the determination of toxic or undesirable elements, such as As, Cd, Cr, and Hg and Pb, with the exception of highly contaminated samples and/or application of preconcentration procedures.
The analysis precision was usually very good, being on average above 1 % for all the elements considered at the mg L -1 concentration level. 14, 15 In the present study, a scheme was developed for the determination of Fe, Cu and Zn in different wine fractions. Flame and electrothermal (ET) atomic absorption spectrometry were used for the quantitative determination of the metals, depending on their levels. [4] [5] [6] [8] [9] [10] [11] [12] [13] 34 
EXPERIMENTAL

Reagents and materials
All reagents used were of analytical grade (Merck, Germany). Stock standard solutions were prepared daily by the appropriate dilution of Titrisol standards (Merck) containing 1000 mg L -1 Fe, Cu or Zn. High purity water from a Milli-Q apparatus was used to prepare the standard solutions.
Sample preparation
Several types of wine samples were investigated: Serbian wine samples were given from vineries and only filtered in the further procedure. Several other commercially bottled wines (Serbian wines) were purchased from the market. Labels descriptions of the analyzed wine samples are presented in Table I . In each case, aliquots of samples were withdrawn with a glass pipette 10 cm below surface level of the liquid.
An aliquot of 5 ml of wine sample was mixed with 1.0 mL of 2 M HCl solution and further diluted to 10 mL with distilled water, and then directly nebulized in an air-acetylene flame under the optimal instrumental parameters (background correction for zinc was required). Fe, Cu and Zn were determined by AAS in the air-acetylene flame using standard calibration curves. All determinations were performed on untreated wine samples; only nitric acid was added to lower the pH (1.0 mL of concentrated acid to 100 mL sample, the resulting pH being 1.5). 
Apparatus/analysis
The atomic absorption measurements were realized with a Varian Spectra A 10 atomic absorption spectrometer equipped with a deuterium background corrector and single element hollow cathode lamp of Cu, Fe and Zn. An air-acetylene flame was utilized for all the elements. The calibration range, wavelengths and slit values are reported in Table II.   TABLE II The determined concentrations of heavy metals in the examined wine samples originating from the southeast region of Serbia are reported in Table III. The measured concentrations of iron (Table III) show that these varied in range from 2.93 ("Cabernet Sauvignon") to 11.21 mg L -1 ("Rose") with the exception being the wine sample named as "As". This wine sample had an iron content of 36.2 mg L -1 . The concentrations of copper in the different wines also differed a lot, i.e., from 0.07 mg L -1 (Graševina and Župski rizling) to 0.57 mg L -1 ("Merlot"), while the zinc concentrations covered a somewhat narrower range, from 0.21 ("Navipovo crno Royal") to 0.67 mg L -1 ("Cabernet Sauvignon"). The allowed levels of metal in wines are defined by standards. The established allowed values of the standards differ from country to country, even though there are common standards prescribed by the International Office for Grapes and Wines. 3 An insight into the accepted limits of the content of metals in wines in different countries and also those given by the Office International de la Vigne et du Vin (OIV) are listed in Table IV . The results obtained in the current study are comparable with previously reported values showing high degree of agreement. 8 Here, the estimated data (Table III) demonstrate that the contents of the major metal, i.e., Fe, and the selected trace elements, i.e., Cu and Zn, in wine samples from different parts of Serbia are considerably smaller than the maximum concentrations allowed according to the OIV, Tables III and IV. In addition, the contents of these trace metals in the studied Serbian wines were significantly lower than in some European wines, but similar to those found in some Slovenian and Hungarian wines. 34, 35 Namely, it was reported earlier that the contents of Cu and Zn in some selected Slovenian red wine labels are up to 1.0 and 0.6 mg L -1 , respectively. 35 It is obvious that determined metal levels in the present study are completely comparable to the ones in the Slovenian wine samples, whereby the contents of Zn are especially similar, Table III . The estimated concentrations of Zn in Serbian wines are also analogous to those discussed formerly in literature data. 36 The Hungarian national legislation according to OIV recommendations allows a maximum level of 1 mg L -1 Cu in wines and other food products. 34 The corresponding Cu contents varied in the range from 0.02 to 0.64 mg L -1 being greatly below the cited limit in all the studied Hungarian wine samples. 34 The results of the present study evidenced fluctuation of Cu contents over a similar range as in Hungarian wines, whereas these contents reported to be a bit higher in the case of later wines. On the contrary, in German red wines, 37 the Cu content was found to be even five times higher than the highest concentration of this element in Hungarian wines and almost the same as in Serbian wines. Similarly, for Australian wines, 38 but white ones, the Cu content ranged within limits almost four times higher than in the selected Serbian wines. Unexpectedly, the Cu level ranged from 0.03 to 0.17 mg L -1 in Russian and Italian red and white wines, as well, 39 being noticeably lower than the Cu content in wines originating from other European countries, including Serbian wines. On the other hand, in Russian and Italian wines, 39 the Zn content was reported to be between 0.14 and 0.76 mg L -1 , which is completely in accordance to values found in wines produced from other European regions. Opposed to other papers, one review article 1 reported very wide ranges of the Fe, Cu and Zn contents in Italian wines. Somewhat curious is/are the highest/higher value/values of the Fe content/s in selected Serbian wines (Table III) , being even higher than all reported values in the review article concerning Canadian wines.
Wine samples from Jordan show relatively high values of metal contents, 40 especially the maximal determined levels, but most of the estimated values were below the toxic limit in food (Swiss Standard, 1993 ). This may be explained by the homemade production procedure applied.
The presence of some other trace metals, such as: lead, manganese, cadmium and nickel, was not detected in the examined wine samples.
The concentration of metals in alcoholic beverages may vary widely depending on the plant origin and the technology used (home-made or by an official producer). Moreover, it was recently reported that some home-produced alcoholic beverages and spirits contain rather high concentrations of metals. 8 In addition; it was observed that alcoholic beverages from Africa, India and Canada possess higher metal concentrations, i.e., 58, 68 and 245 mg L -1 of Cu, Zn and Fe, respectively. 41 The concentrations of metals and trace metals in wines depend on the metal content in the vineyard soil, which primarily determines the degree of metal uptake by the grape plant. In addition, anthropogenic impact plays a vital role in determining the metal content in wines. Namely, as was stated above before, some home-made wines showed a higher trace element content, probably due to contamination during the wine-making process and/or the mixing/storage procedure, and also additives used.
It is worth emphasizing that the allowed limits for metal contents in alcoholic beverages are higher than those imposed for water envisaged for human consumption. 8 This may be related to the lower predicted intake of alcoholic beverages.
The variation of the discussed levels of metals concentrations in the present study as well as those reported earlier by other authors suggest a necessity for the establishment of common limits.
CONCLUSIONS
Different metals occur in wines at the mg L -1 and/or μg L -1 level not directly influencing the taste of the end product. Nevertheless, their content should be determined because excess is undesirable due to potential toxicity and risks to human health, consequently imposing the maximal allowed values and/or prohibited limits. The contents of the investigated metals (Fe, Cu and Zn) in wine samples from different areas of Serbia are considerably lower than the maximum concentrations allowed according to the OIV. The contents of selected trace metals were significantly lower than those of some European wines, but similar to the values found in some Slovenian and Hungarian wines. Additionally, these contents were compared with known literature values. Somewhat curious is the relatively high Fe content in the selected Serbian wines ("As" and "Rose"). The variation in the metal content in the studied Serbian wines may be related to the metal content in the vineyard soil, i.e., soil type, and/or an anthropogenic impact arising from the wine-making process and/or storage procedure.
